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AbstrAct
Introduction Diabetic retinopathy screening (DRS) 
attendance in young adults is consistently below 
recommended levels. The aim of this study was to conduct 
a survey of screening providers in the UK Diabetic Eye 
Screening Programme (DESP) to identify perceived barriers 
and enablers to DRS attendance in young adults and 
elicit views on the effectiveness of strategies to improve 
screening uptake in this population.
Research design and methods Members of the 
British Association of Retinal Screening (n=580) were 
invited to complete an anonymous online survey in July 
2020 assessing agreement with 37 belief statements, 
informed by the Theoretical Domains Framework 
(TDF) of behavior change, describing potential barrier/
enablers to delivering DRS for young adults and further 
survey items exploring effectiveness of strategies to 
improve uptake of DRS.
Results In total, 140 (24%) responses were received 
mostly from screener/graders (67.1%). There was a high 
level of agreement that the DESP had a role in improving 
attendance in young adults (96.4%) and that more could be 
done to improve attendance (90.0%). The most commonly 
reported barriers related to TDF domains Social influences 
and Environmental context and resources including lack 
of integration of DRS with other processes of diabetes 
care, which limited the ability to discuss diabetes self- 
management. Other barriers included access to screening 
services and difficulties with scheduling appointments. Less 
than half (46.4%) of respondents reported having a dedicated 
strategy to improve screening uptake in young adults. 
Strategies perceived to be effective included: screening 
within the community; prompts/reminders and integrating 
eye screening with other diabetes services.
Conclusions Screening providers were concerned 
about screening uptake in young adults, although 
many programs lacked a dedicated strategy to 
improve attendance. Problems associated with a 
lack of integration between DRS with other diabetes 
care processes were identified as a major barrier to 
providing holistic care to young adults and supporting 
diabetes self- management.
significance of this study
What is already known about this subject?
 ► In the UK, the National Health Service Diabetic Eye 
Screening Programme provides screening for all 
persons with diabetes aged 12 and over.
 ► Those younger than 35 years have been identified as 
having longer time intervals to first screening event, 
lower uptake of annual screening and an increased 
likelihood of missing three successive screening 
appointments.
What are the new findings?
 ► Individual healthcare professionals working in 
screening programs report the main barriers to at-
tendance by young adults as the lack of integration 
of retinopathy screening with other processes of dia-
betes care, challenges accessing screening services 
and difficulties with scheduling appointments.
 ► Less than half of screening providers indicated that 
their program had a dedicated strategy in place to 
improve uptake in young adults.
 ► Strategies perceived by providers to be most effec-
tive for improving diabetic retinopathy screening 
(DRS) uptake in this group include screening within 
the community, prompts/reminders and integrating 
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significance of this study
How might these results change the focus of research or 
clinical practice?
 ► A more tailored approach is needed to better support young adults 
to attend screening. To be most effective, interventions to improve 
screening uptake need to be targeted at individual and organiza-
tional levels.
 ► The findings of the current study can be combined with ongoing 
qualitative work on identifying barriers and enablers to DRS from 
the perspectives of young adults living with diabetes to further 
develop a package of behavior change intervention strategies to 
encourage attendance in this population group.
InTRoduCTIon
Diabetic eye disease, which comprises diabetic retinop-
athy and maculopathy, is one of the leading causes of sight 
loss among working age adults in the UK1 and throughout 
the world.2 From a public health perspective, a signifi-
cant proportion of diabetes- related vision loss can be 
prevented through a systems- level approach that includes 
targeted education, a well- implemented community- 
level or national diabetic retinopathy screening (DRS) 
program, with timely referral pathways for further investi-
gation, closer monitoring or treatment.3 Population- wide 
screening programs have been established in Iceland, 
Ireland and the UK, with regional and local screening 
programs in other parts of Europe.4 5 In the UK, DRS 
is managed by the National Screening Committee. In 
England, the National Health Service (NHS) Diabetic 
Eye Screening Programme (DESP) provides annual 
screening for approximately 3.3 million eligible people 
with diabetes aged 12 years and over through 57 regional 
DESPs. Screening clinics operate from a variety of fixed 
venues, for example, hospitals, community health centers 
and optometry practices as well as mobile screening units. 
Equivalent national programs in Scotland, Wales and 
Northern Ireland operate according to similar service 
specifications.
In the UK screening programs, the majority of people 
are screened through the ‘Routine Digital Screening’ 
pathway that uses digital retinal photography. Digital 
images of the retina are taken by ‘screeners’ and are 
then assessed by accredited ‘graders’. If sight- threatening 
retinopathy is identified, the person is either monitored 
more closely in a digital surveillance clinic or referred 
to the hospital eye service. Although uptake of screening 
is generally high (eg, 82.6% for England in 2018/2019), 
this overall figure masks variable uptake between regional 
programs and suboptimal attendance in particular 
demographic groups (eg, adults aged <35 years, mixed 
ethnicity groups, lower socioeconomic status groups).5–7
A recent retrospective analysis of attendance in three 
large urban screening programs in England serving a 
population of over 300 000 people with diabetes found 
that uptake rates were lowest among those aged 18–34 
years. The odds of attending screening in this group were 
significantly less than the reference group of participants 
aged over 60, after controlling for other demographic 
variables (age, sex, ethnicity and socioeconomic depri-
vation).7 The study also analyzed new vision impairment 
certifications (Certificate of Vision Impairment) caused 
by diabetic eye disease in England and Wales from 2009 
to 2019. This analysis showed that annual incidence of 
new certifications for vision impairment in young adults 
(aged <35 years) failed to show the net decline that has 
occurred in other age groups over the 10- year reporting 
period. There is good evidence that the more diabetes 
eye screening appointments are missed, the greater the 
risk that the next attendance will reveal sight- threatening 
disease.8
Increasing attendance to DRS among this vulnerable 
population group is thus a priority. A prerequisite for iden-
tifying how best to increase attendance rates is first under-
standing the reasons why young adults do or do not attend 
DRS. A recent systematic review of 69 studies reported 
barriers and enablers to DRS from the perspective of 
people with diabetes and healthcare providers.9 Barriers to 
DRS included, but were not limited to inaccurate diabetic 
registers, confusion between routine eye care and DRS, 
competing priorities, forgetting, fear of the procedure and 
screening results, diabetes denial and burnout, and finan-
cial concerns. Enablers of DRS included social support 
from relatives and friends, recommendations by health-
care professionals, and community- level media coverage.9 
Although these findings provide a useful starting point for 
designing strategies to increase DRS, the review also high-
lighted a number of gaps in the available evidence base 
regarding barriers and enablers to DRS. Only two studies 
explored barriers and enablers from the perspective of 
young adults10 11 indicating that this is an under- researched 
population group and very few studies explored barriers 
and enablers to DRS from the perspective of healthcare 
professionals (HCPs) and systems.
Attending, providing, and encouraging DRS are all 
forms of human behavior.12 Therefore, exploring influ-
ences on DRS may be facilitated by the application of 
behavior change theories. Theories summarize the wealth 
of evidence in the wider literature, providing explicit 
statements summarizing processes that are hypothe-
sized to regulate behavior. These can be used to explain 
and predict behavior, as well as identify how best to 
change behavior.13 The Theoretical Domains Framework 
(TDF)14 15 integrates constructs from 33 behavior change 
theories into 14 domains representing the wide range of 
individual, sociocultural and environmental influences 
on behavior (table 1). While the TDF has been used to 
explore influences on patient behaviors, including in the 
context of diabetes self- management16 17 and DRS specifi-
cally,10 18 it has been predominantly applied in implemen-
tation research to explore factors driving current clinical 
practice behaviors and what it would take to implement 
change in practice.19 To our knowledge, the TDF has not 
yet been applied to explore influences on attendance at 
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Table 1 Domains from the theoretical domains framework with examples of corresponding survey items
Domain (definition*) Example belief statements from the survey
Knowledge
(An awareness of the existence of something)
‘The guidelines and recommendations around DRS for 
people with diabetes in the UK are clear’
Skills
(An ability or proficiency acquired through practice)
‘There is sufficient training available about DRS for 
professionals working within the DESP’
Beliefs about capabilities
(Acceptance of the truth, reality or validity about an ability, talent 
or facility that a person can put to constructive use)
‘It is easy to discuss DRS with young adults’
Beliefs about consequences
(Acceptance of the truth, reality, or validity about outcomes of a 
behavior in a given situation)
‘Improving attendance in young adults will help reduce 
vision loss’
Optimism
(The confidence that things will happen for the best or that 
desired goals will be attained)
‘There is more we can do to try and increase attendance in 
young adults’
Intentions
(A conscious decision to perform a behavior or a resolve to act 
in a certain way)
‘My screening service has plans in place to try and 
encourage attendance among young adults’
Goals
(Mental representations of outcomes or end states that an 
individual wants to achieve)
‘There are more pressing priorities for the DESP than 
increasing attendance in young adults’
Reinforcement
(Increasing the probability of a response by arranging a 
dependent relationship, or contingency, between the response 
and a given stimulus)
‘I am encouraged to try to increase attendance in young 
adults’
Memory, attention, decision- making
(The ability to retain information, focus selectively on aspects of 
the environment and choose between two or more alternatives)
‘The DESP has strategies in place to try and remind young 
adults to attend’
Emotions
(A complex reaction pattern, involving experiential, behavioral, 
and physiological elements, by which the individual attempts to 
deal with a personally significant matter or event)
‘I worry about screening attendance in young adults’
Social professional role/identity
(A coherent set of behaviors and displayed personal qualities of 
an individual in a social or work setting)
‘DESP staff should play more of a role in discussing 
screening results with patients’
Environmental context and resources
(Any circumstance of a person’s situation or environment 
that discourages or encourages the development of skills 
and abilities, independence, social competence and adaptive 
behavior)
‘The DESP is well integrated with specialist diabetes 
services in hospitals’
Social influences
(Those interpersonal processes that can cause individuals to 
change their thoughts, feelings, or behaviors)
‘Communication across healthcare providers involved in 
diabetes care is poor’
Behavioral regulation
(Anything aimed at managing or changing objectively observed 
or measured actions)
‘I receive feedback on my practice around DRS’
*TDF domain definitions from Atkins et al.15
DESP, Diabetic Eye Screening Programme; DRS, diabetic retinopathy screening; TDF, Theoretical Domains Framework.
The primary aim of the current study was there-
fore to apply the TDF to conduct a national survey 
exploring the barriers and enablers to attendance for 
DRS from the perspective of a representative sample 
of HCPs working in the UK DESP, with a specific focus 
on factors influencing the provision of DRS for young 
adults aged 18–34 years. As part of ongoing health-
care quality improvement efforts, DRS services may 
have also implemented various strategies to try and 
improve uptake of DRS in young adults and other 
population groups. It is important to document what 
has been tried so far, in order to learn from what 
has worked well and also what has not. Therefore, 
a secondary aim of this study was to identify current 
strategies implemented by UK DESPs to try and 
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A cross- sectional web- based survey.
Participants and sample size
Eligible participants included all members from the 
current membership database of the British Association 
of Retinal Screening (BARS), a professional organiza-
tion for those providing retinal screening services for 
people with diabetes. BARS supports continuing profes-
sional education through regular conferences, meetings, 
training days and educational activities. The member-
ship of BARS includes retinal screeners/graders as well 
as optometrists, ophthalmologists and diabetologists 
involved in the NHS DESP. The survey took place in July 
2020. At the time of recruitment, there were 580 ‘active’ 
members registered on the BARS database (members 
were considered active if they had logged into the BARS 
website within the last 12 months). As this was a descrip-
tive survey, we did not have a predefined target sample 
size in mind and aimed to maximize response rate from 
as many current BARS members as possible.
Materials: questionnaire
The survey was developed through an iterative process. 
A first draft was developed by the research team, which 
includes behavioral scientists with experience of devel-
oping TDF surveys, and then sent to two members of the 
project Research Advisory Group (a clinical ophthalmol-
ogist with experience in DRS and a former chairman of 
BARS with experience as a screener- grader and DESP 
manager) who provided feedback. Once face validity had 
been established, the survey was uploaded and pretested 
prior to distribution to BARS members. The full survey 
is available in the online supplemental material. In brief, 
the survey was fully anonymous and divided into three 
sections:
Section 1: Role in the screening program (five ques-
tions) including which screening program worked for; 
primary role; duration of employment and HCPs most 
often worked with.
Section 2: Perceived barriers and enablers to delivering 
DRS for young adults and supporting (or enabling) their 
attendance at appointments. This included 37 items 
structured around the 14 domains of the TDF,14 with 
at least one item per domain. Items represented belief 
statements, to which respondents were asked to rate 
their extent of agreement using a 5- point Likert scale 
(Strongly agree → Strongly disagree). Table 1 includes 
the 14 domains, their definition, and a sample survey 
belief statement developed to assess that domain. Some 
of the generation of these belief statements was in part 
informed by the aforementioned systematic review on 
barriers and enablers to DRS.9
Section 3: Included seven items to assess which inter-
ventions or strategies have previously been used to try to 
improve young adults’ uptake of DRS. Respondents were 
shown a list of potential strategies (eg, mobile screening 
clinics, reminder letters, peer support groups), identified 
in part based on a previous systematic review of interven-
tions to increase DRS7 and were asked to tick all that have 
been tried previously by their screening program. For 
those strategies that had been tried, participants were 
asked to rate on a 5- point Likert scale (Not effective → 
Extremely effective) how effective this strategy was in 
improving uptake of DRS among young adults. Lastly, 
this section also contained free text boxes where partici-
pants could list any other strategies that their service had 
trialed, or suggestions as to what else they felt could be 
done to improve the delivery of DRS to encourage atten-
dance in young adults.
Procedure
The survey was hosted online using Qualtrics survey 
software (https://www. qualtrics. com/ uk/ core- xm/ 
survey- software/). Pretesting for technical quality and 
appearance was performed by members of the research 
team prior to sending a personalized explanatory invita-
tion email to members of BARS, which contained a hyper-
link to the survey. The survey was open for 4 weeks during 
which two follow- up reminders were sent. The survey was 
fully anonymous and participants consented to partici-
pate in the survey by completing a brief consent form 
on the survey home page. No incentives were offered to 
participate.
Analysis
After the closure of the survey, all data were imported into 
an Excel spreadsheet. Respondents who either fully or 
partially completed section 1 describing their role within 
the screening program, but exited the survey before 
completing sections 2 and 3, were excluded from the 
analysis. Responses to the 5- point Likert scale in section 
2 measuring agreement or disagreement with a series of 
statements on what influences the delivery of DRS were 
converted to a numerical score (Strongly agree=1; Some-
what agree=2; Neither agree or disagree=3; Somewhat 
disagree=4; Strongly disagree=5) to calculate the mean 
and SD. As the survey included a mixture of positively 
and negatively worded belief statements, negatively 
worded items (see table 2) were reverse scored so that 
for all items, lower scores indicated the perception that 
the belief statement represented an enabler to DRS, 
while higher scores indicated the perception that the 
belief statement represented a barrier to DRS. Data were 
summarized using descriptive statistics (ie, percentages 
(n), or mean and (SD) as appropriate). An overall score 
for each of the 14 TDF domains was calculated by aver-
aging score across items mapping to that domain.20
Free text responses regarding suggestions for inter-
vention strategies to encourage screening were analyzed 
qualitatively. Suggested interventions were deduc-
tively coded using the behavior change wheel (BCW) 
as a coding framework.21 The BCW is a synthesis of 19 
frameworks of different types of behavior change inter-
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Table 2 Means (SDs) and percentage agreement for each belief statement
Domain Mean SD n Agreement (%)
‘Thinking about your role in providing and/or supporting diabetic retinopathy screening for young adults with diabetes (aged 
18–34 years), please rate your agreement with the following statements:’
Knowledge
  ‘The guidelines and recommendations around DRS for people with diabetes 
in the UK are clear’
2.23 1.02 139 66.9
  ‘The standards around DRS for people with diabetes in the UK are clear’ 2.07 1.09 139 71.2
  ‘I am aware of attendance patterns in young adults in my DESP' 1.87 0.82 139 82.0
  ‘I am aware of a patient’s current diabetes self- management (ie, Hba1c)’ 3.23 1.31 140 34.3
  ‘It would be helpful to know how patients are currently managing their 
diabetes’*
4.30 0.81 139 85.6
Skills
  ‘There is sufficient education available about DRS for professionals working 
within the DESP’
2.18 1.10 140 71.4
  ‘There is sufficient training available about DRS for professionals working 
within the DESP’
2.06 1.10 139 74.8
Social/professional role and identity
  ‘The DESP has a role to play in encouraging attendance among young 
adults’
1.40 0.63 140 96.4
  ‘The roles and responsibilities of different healthcare professionals involved 
in caring for people with diabetes is clear’
2.65 1.05 140 51.4
  ‘It is the responsibility of other healthcare professionals to encourage 
attendance in young adults with diabetes'*
3.50 1.11 140 53.6
  ‘DESP staff should play more of a role in discussing screening results with 
patients’
2.14 1.10 140 70.0
  ‘I would like the ability to refer patients to additional support for their 
diabetes’*
4.50 0.67 139 91.4
Optimism
  ‘There is more we can do to try and increase attendance in young adults’ 1.54 0.71 140 90.0
Beliefs about capabilities
  ‘It is easy to discuss DRS with young adults’ 2.69 1.12 137 46.0
Beliefs about consequences
  ‘Improving attendance in young adults will help reduce vision loss’ 1.08 0.30 140 99.3
Reinforcement
  ‘I am encouraged to try to increase attendance in young adults’ 2.24 1.04 140 63.6
Intention
  ‘My screening service has plans in place to try and encourage attendance 
among young adults’
2.47 1.07 140 52.9
Goals
  ‘Supporting attendance in young adults is a priority for the DESP’ 2.13 0.90 140 66.4
  ‘There are more pressing priorities for the DESP than increasing attendance 
in young adults’*
2.58 0.95 139 17.3
  ‘My screening service has targets around screening attendance’ 1.21 0.49 140 96.4
  Memory, attention and decision processes
  ‘The DESP has strategies in place to try and remind young adults to attend’ 2.31 0.95 140 70.0
Environmental context and resources
  ‘The DESP is well integrated with ophthalmology services’ 2.15 1.21 140 71.4
  ‘The DESP is well integrated with specialist diabetes services in hospitals’ 2.86 1.17 140 40.0
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Domain Mean SD n Agreement (%)
  ‘Problems with re- scheduling appointments impacts young adults’ 
attendance’*
3.76 1.02 140 65.7
  ‘The DESP has sufficient staff to provide DRS to patients’ 2.66 1.29 139 55.4
  ‘The DESP have sufficient time to provide DRS to patients’ 2.35 1.25 140 67.1
  ‘The DESP have sufficient resources to provide DRS to patients’ 2.55 1.30 140 61.4
  ‘Incomplete or inaccurate registers make it more difficult for the DESP to 
support DRS in young adults’*
4.11 1.04 140 77.1
  ‘Transient populations make it more difficult for the DESP to support DRS in 
young adults’*
3.83 0.85 140 63.6
  ‘Accessibility of the screening service impacts young adults’ attendance’* 3.89 1.08 139 72.1
  ‘DRS appointments are a good opportunity to discuss diabetes 
management with patients’
2.41 1.35 140 58.6
Social influences
  ‘Communication across healthcare providers involved in diabetes care is 
poor’*
3.72 0.95 140 62.9
  ‘Language is a barrier to supporting DRS’* 3.44 1.04 140 52.9
  Emotion
  ‘I worry about screening attendance in young adults’ 1.67 0.76 140 85.0
Behavioural regulation
  ‘I receive feedback on my practice around DRS’ 2.21 1.04 138 67.4
  ‘My colleagues and I discuss screening attendance and how to improve it’ 2.02 1.02 140 74.3
The mean scores correspond to the extent to which participants agreed with each statement using a 5- point Likert scale (strongly agree=1; 
somewhat agree=2; neither agree nor disagree=3; somewhat disagree=4; strongly disagree=5), after scores have been reversed where 
applicable.
*Belief statements in italics have been reverse scored. The level of agreement is based on those strongly or somewhat agreeing with the 
belief statement.
DESP, Diabetic Eye Screening Programme; DRS, diabetic retinopathy screening; GP, General Practitioner (Family Physician).
Table 2 Continued
(education, training, modeling, persuasion, environ-
mental restructuring, incentivization, coercion, restric-
tion, enablement) and seven policy options (eg, mass 
media, legislation, service provision). Suggested inter-
ventions were deductively coded into the intervention 
functions and policy options specified in the BCW by one 
author (JGL) and then checked by a second author with 
expertise in the application of the BCW (FL).
Mapping barriers to behavior change techniques
TDF domains representing perceived barriers and 
enablers reported by HCPs to delivering DRS were subse-
quently mapped to broad intervention functions in the 
BCW and more specific behavior change techniques 
(BCTs)22 to identify candidate intervention strategies 
to improve DRS uptake. This was done using a stepwise 
process by consulting the following tools and sources of 
evidence:
1. Published matrices that pair TDF domains with broad 
intervention functions in the BCW to suggest which 
intervention types are appropriate to address barriers 
and enablers within each TDF domain.21
2. The Theory and Techniques Tool23 which uses expert 
consensus and evidence in the literature to pair more 
granular BCTs (eg, goal setting, problem solving, feed-
back on behavior) from a 93- item taxonomy22 with 
TDF domains.
BCTs that have previously been shown to be effective for 
targeting HCP behavior to promote DRS in the general 
population of people with diabetes were identified using 
evidence from an existing Cochrane systematic review.24
ResulTs
Response rate
In total, 154 respondents completed all or part of section 
1. Fourteen participants did not progress to complete 
sections 2 and 3. The analysis is therefore based on 140 
respondents who completed all three sections of the 
survey (this corresponds to a response rate of 24.1%). 
Rate of missing data ranged from 0% to 25.7% for each 
questionnaire item (mean 2.3%).
Section 1: respondent characteristics
Amongst those providing an affiliation, 77 respondents 
were affiliated to 40 of the 57 DESPs in England, 6 respon-
dents were from Diabetic Eye Screening (DES) Wales, 11 
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screening program in Scotland. In terms of their primary 
role, the largest proportion of responders (67.1%) were 
either screeners (12.1%, n=17) (taking photographs 
of the retina), graders (3.6%, n=5) (grading images) 
or screeners- graders (taking photographs and grading 
images) (52.1%, n=73). 9.3% (n=13) were optometrists 
or ophthalmologists with a variety of clinical roles in the 
DESP (eg, clinical leads, grading using slit lamp biomi-
croscopy), 10% (n=14) were involved in operational 
management in the DESP, 8.6% (n=12) were responsible 
for quality assurance or fail- safe and 4.2% (n=6) were 
working in administration or stakeholder engagement. 
61.4% (n=86) of respondents had been working in DRS 
for 5 years or more.
Section 2: perceived barriers and enablers to delivering DRS
The descriptive statistics pertaining to the level of agree-
ment with each belief statement, and the calculated 
domain score, are summarized in table 2 and online 
supplemental table S1.
The domains with the highest domain scores and 
thus representing barriers to DRS were Social influences 
(mean=3.58, SD=1.00) and Environmental context and 
resources (mean=3.00, SD=1.36) (see online supplemental 
table for mean scores for all domains). However, overall, 
most of the domains represented mixed influences 
on delivery of DRS to young adults—including both 
reported barriers and enablers. For instance, within the 
domain Knowledge, there were several enablers—with 
many respondents indicating they were both familiar with 
guidelines and recommendations for screening (66.9% 
strongly or somewhat agreeing with this belief state-
ment), and 82% were aware of patterns of attendance of 
young adults within their service (82%). However, there 
were also barriers within Knowledge—with only a third of 
respondents indicating that they knew how well young 
adults under their care were currently managing their 
diabetes (most respondents agreed having this informa-
tion would be helpful).
Enablers to delivering DRS included an almost universal 
agreement that the DESP has a role in improving 
screening attendance in young adults (96.4%) (TDF 
domain: Social professional role/identity) and the belief 
that improved attendance would help reduce vision 
loss (99.3%) (Beliefs about consequences). Screening atten-
dance in young adults was viewed as a concern (85.0%) 
(Emotions) and respondents felt that more could be done 
to improve uptake in this population (90.0%) (Optimism), 
with two- thirds agreeing that this should be a priority for 
the DESP (66.4%) (Goals). Approximately half of respon-
dents agreed that their screening program had plans in 
place to encourage attendance in young adults (52.9%) 
(Intentions) and approximately two- thirds agreed that 
they were individually encouraged to increase atten-
dance rates (63.6%) (Reinforcement). Most participants 
indicated that sufficient education and training was avail-
able for HCPs on DRS (71.4% and 74.8% agreement, 
respectively).
However, numerous barriers to providing DRS were 
also highlighted. Less than half agreed with the state-
ment ‘It is easy to discuss diabetic retinopathy screening 
with young adults’ (46.0%) (Beliefs about capabilities). Most 
respondents (63%) felt that the transient nature of young 
adults, who might be frequently moving between accom-
modation due to studies or employment, made it difficult 
to provide DRS to this population group (Environmental 
context and resources). Numerous service provision- level 
barriers were flagged, mostly within the domain Environ-
mental context and resources. These included having insuffi-
cient staff to deliver DRS (55.4%), problems related to the 
accessibility of the screening service (72.1%), and prob-
lems with rescheduling appointments (65.7%). Although 
there was a general feeling that screening programs were 
well integrated with hospital ophthalmology, participants 
reported a lack of integration with other areas of diabetes 
care, particularly specialist diabetes services (40%). 
Communication across healthcare providers involved 
in diabetes care was seen as poor by almost two- thirds 
of participants (62.9%) (Social influences). Participants 
also felt limited by their role, with over 90% of respon-
dents indicating that they would like the ability to refer 
people to additional support for their diabetes and 70% 
indicating that ‘DESP staff should play more of a role in 
discussing screening results with patients’ (Social profes-
sional role/identity).
Section 3: interventions/strategies in place to improve DRS 
attendance
Less than half of the respondents (46.4%, n=65) indi-
cated that their screening program had a specific strategy 
in place to improve screening uptake in young adults. 
The main reasons given by respondents for not having a 
strategy were ‘lack of time and resources’.
Table 3 summarizes the strategies respondents indi-
cated their DESP targeted at young adults with diabetes 
to try and increase uptake of DRS, and the extent to 
which these were perceived to be effective.
The most commonly used interventions targeting 
young adults with diabetes were the provision of infor-
mation about diabetic retinopathy (97.1%), prompts 
or reminders to attend the appointment (100%) as 
well as continuing to offer screening appointments 
to people who do not attend (100%). Three strategies 
were endorsed as ‘very effective’ or ‘extremely effective’ 
by more than 50% of respondents: screening within 
the community (51.5%), prompts/reminders (eg, text 
messages, letters, phone calls) (60.8%), and integrating 
eye screening with other diabetes services (eg, ‘one- stop 
shop’ clinics) (65.3%). The strategies with the lowest 
perceived effectiveness were provision of information 
about diabetic retinopathy (30.2%), mobile screening 
units (31.4%) and continuing to offer screening appoint-
ments to people who do not attend (32.4%).
Approximately 20% of respondents (n=30) provided 
information on strategies to encourage screening 















are: first published as 10.1136/bm






8 BMJ Open Diab Res Care 2021;9:e002436. doi:10.1136/bmjdrc-2021-002436
Epidemiology/Health services research
Table 4 HCP- targeted strategies used to improve screening uptake in young adults and perception of their effectiveness

















Clinical education 89 (87.3) 16 (18.0) 36 (40.4) 27 (30.3) 10 (11.2) 0 (0.0) 3.65 (0.91)
Audit and performance feedback 
(eg, feedback on number of patients 
screened per month)
97 (95.1) 18 (18.6) 28 (28.9) 40 (41.2) 11 (11.3) 0 (0.0) 3.55 (0.92)
Electronic registers (which hold 
information about patients and their 
eye screening appointments)
99 (97.1) 24 (24.2) 32 (32.3) 33 (33.3) 9 (9.1) 1 (1.0) 3.70 (0.97)
Telemedicine (eg, EyePACS)/virtual 
clinics
31 (30.4) 4 (12.9) 12 (38.7) 14 (45.2) 1 (3.2) 0 (0.0) 3.61 (0.76)
Table 3 Strategies targeted at young adults with diabetes to try and improve DRS uptake and perceptions of their 
effectiveness
Strategy directed at 
person with diabetes














Dedicated clinics for young 
people
35 (34.3) 4 (11.4) 11 (31.4) 11 (31.4) 6 (17.1) 3 (8.6) 3.20 (1.13)
Mobile screening units 57 (55.9) 9 (15.7) 9 (15.7) 26 (45.6) 12 (21.1) 1 (1.8) 3.23 (1.02)
Screening within the 
community
101 (99.0) 19 (18.8) 33 (32.7) 40 (39.6) 9 (8.9) 0 (0.0) 3.61 (0.89)
Integrating eye screening 
with other diabetes services 
(eg, ‘one- stop shop’ clinics)
46 (45.1) 17 (37.0) 13 (28.3) 13 (28.3) 2 (4.3) 1 (2.2) 3.94 (1.02)
Self- management 
programs/training for people 
with diabetes
47 (46.1) 3 (6.4) 19 (40.4) 17 (36.2) 6 (12.8) 2 (4.3) 3.36 (0.85)
Provision of information 
about diabetic retinopathy
99 (97.1) 10 (10.1) 20 (20.1) 42 (42.4) 25 (25.3) 2 (2.0) 3.11 (0.97)
Peer support groups 44 (43.1) 3 (6.8) 15 (34.1) 18 (40.9) 8 (18.2) 0 (0.0) 3.30 (0.85)
Prompts/reminders (eg, text 
messages, letters, phone 
calls)
102 (100) 27 (26.5) 35 (34.3) 28 (27.5) 11 (10.8) 1 (1.0) 3.75 (1.00)
Continuing to offer 
screening appointments to 
people who do not attend
102 (100) 16 (15.7) 17 (16.7) 40 (39.2) 22 (21.6) 7 (6.9) 3.13 (1.13)
*Mean score represents effectiveness of strategy on a 5- point scale (extremely effective=5; not effective=1).
DRS, diabetic retinopathy screening.
offering appointments in the evenings and weekends, 
contacting the person with diabetes directly by phone, 
and providing information on screening to schools, 
colleges and universities.
Table 4 summarizes strategies targeted at HCPs to try 
and support delivery of DRS to young adults, and their 
perceived effectiveness. The most commonly adopted 
strategies operating at the level of the HCP or screening 
program were the use of electronic patient registers 
(95%), audit and feedback (92%) and clinical education 
(85%). Three strategies were perceived as extremely or 
very effective by more than 50% of respondents: clin-
ical education (58.4%), the use of electronic registers 
(56.5%) and telemedicine (eg, EyePACS)/virtual clinics 
(51.6%). Audit and feedback was perceived as extremely 
or very effective by approximately half of participants 
(47.5%).
Table 5 summarizes participants’ suggestions for 
additional strategies that could be used to encourage 
DRS uptake in young adults, coded according to inter-
vention functions and policy options from the BCW.21 
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Table 5 Respondent suggestions as to how screening uptake in young adults could be improved. Interventions were coded 
to the intervention and policy taxonomy used in the behavior change wheel
What else do you think could be done to encourage attendance in young adults? (n=102)
 Frequency
n (%) Examples
Intervention   
Education 23 (22.6) ‘More education about the long terms risks, and the asymptomatic nature of 
Diabetic retinopathy’
‘More education for General Practioners (GPs)’
Persuasion 0 (0.0) N/A
Incentivization 3 (2.9) ‘Re- imbursement of travel costs as pts can't drive themselves with dilation’
Coercion 0 (0.0) N/A
Training 1 (0.98) ‘More training’
Restriction 0 (0.0) N/A
Environmental restructuring 1 (0.98) ‘Ensuring they are aware that a drop- in appointment is possible’
‘More freedom to discuss consequence of non- attendance with patients in 
clinic’
Modeling 0 (0.0) N/A
Enablement 11 (10.8) ‘Active encouragement from GPs/Diabetic nurses’
‘Chasing up young adults who have not attended to get them rebooked and 
see if there is anything the programme can do to help’
Policy
Communication/marketing 28 (27.5) ‘Social media campaigns aimed specifically at young people - celebrity 
endorsement of DRS’
Guidelines 0 (0.0) N/A
Fiscal 0 (0.0) N/A
Regulation 2 (1.96) ‘Running audits and reports into young patients who have not attended’
Legislation 0 (0.0) N/A
Environmental/social planning 0 (0.0) N/A
Service provision 58 (56.9) ‘A joint up service. All diabetic services working together’
‘A mobile clinic, weekend appointments as young adults work/childcare 
during the week so evening clinics not enough’
DRS, diabetic retinopathy screening; N/A, not applicable.
respondents. The majority of suggestions were primarily 
targeting young adults with diabetes rather than HCPs, 
such as strategies that aimed to increase knowledge of 
diabetic retinopathy and the importance of screening 
(BCW intervention function: Education), active encourage-
ment from General Practitioners (GPs)/diabetes nurses, 
promoting self- management (BCW intervention function: 
Persuasion), improved communication—particularly 
the use of social media, targeted campaigns to increase 
awareness (BCW policy category: Communication/marketing), 
or changes in the way that the service is delivered through 
the selective use of dilating eye drops in young adults, 
allowing more flexibility in terms of evening or weekend 
appointments and self- booking of appointments (BCW 
intervention function: Environmental restructuring; BCW 
policy category: Service provision).
In terms of suggestions that were targeted at HCPs, the 
majority of suggestions related to improved communi-
cation between the screening program and members of 
the primary care and diabetes teams and increasing HCP 
knowledge and understanding of diabetic eye disease.
Mapping to candidate BCTs
The results from the TDF to BCW and BCT mapping 
exercise with examples of how candidate intervention 
strategies could be operationalized are presented in 
online supplemental table S2. Examples of potentially 
relevant intervention functions from the BCW included 
persuasion, education and environmental restructuring. 
Ten BCTs were identified that could potentially be used 
in intervention design; however, only three of these have 
been previously used in trials of interventions targeted at 
HCPs to increase DRS in general populations of people 
living with diabetes.24 Interventions varied in complexity 
and were targeted at young adults with diabetes and 
HCPs. In some cases, delivery of the intervention required 
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dIsCussIon
This study is the first in- depth exploration of the barriers 
and enablers to uptake of DRS screening in young adults 
from the perspective of HCPs working in the UK NHS 
DESP. To identify barriers and enablers we used behav-
ioral science frameworks including the TDF and BCW.14 21 
The most commonly reported barrier domains were Envi-
ronmental context and resources and Social influences. This is 
consistent with findings from the broader literature.9 10 18 
In the UK, although DRS is one of the nine processes 
of diabetes care recommended by the National Insti-
tute for Health and Care Excellence,25 26 eye screening 
is administered as one of the NHS population screening 
programs and consequently is not fully integrated with 
the other aspects of diabetes care. Furthermore, DRS is 
no longer one of the diabetes indicators in the quality 
and outcomes framework of the General Medical Services 
contract. This arrangement explains the finding in the 
present study that although participants felt that their 
screening program was integrated with ophthalmology 
services, it was less well integrated with GP practices and 
with specialist diabetes services in hospitals. Further-
more, there was a perceived lack of clarity among staff 
working within the DESP on the roles and responsibilities 
of different HCPs involved in diabetes care and a lack 
of communication between the DESP and other diabetes 
healthcare providers.
A number of barriers were identified relating to 
young adults’ access to screening services and difficul-
ties with scheduling screening appointments. Similar 
barriers were reported in a recent systematic review of 
barriers and enablers to DRS,9 including competing time 
demands with work commitments and family responsibil-
ities, compounded by a lack of appointment flexibility. 
A high percentage of responders to the survey agreed 
that transient populations and incomplete or inaccu-
rate registers also impacted on the screening programs’ 
ability to support DRS in young adults. A recent study 
of repeat non- attenders to the Welsh national screening 
program found that frequent house moves were associ-
ated with a failure to attend three consecutive annual 
screening appointments.27 Residential moves between 
different geographic areas are more likely in the young 
adult population as they move for study or employment, 
which could be a contributing factor to suboptimal DRS 
attendance in this population. Although participants 
reported that they were limited in their ability to discuss 
diabetes self- management due to a lack of information 
on how attendees are managing their diabetes, approxi-
mately 90% of respondents indicated that they would like 
the ability to refer onwards for further support.
In terms of enablers to DRS, there were high levels of 
agreement that screening attendance in young adults 
was a concern, should be a priority for the DESP and 
there was a general view that screening uptake in this 
population could be improved. DESP staff also reported 
that they would like to be more involved in discussing 
screening results with young adults. The finding that 
DESP staff are engaged and highly motivated to try and 
improve the delivery and uptake of DRS in young adults 
and expand their role provides an opportunity to build 
on these enablers to develop and test interventions to 
improve screening attendance. A number of BCTs have 
been shown to be effective in improving attendance for 
DRS in randomized controlled trials24 and there is a high 
degree of theoretical coherence between the compo-
nents of these interventions and the theoretical determi-
nants of screening attendance.28
Less than half of those responding to the survey indi-
cated that their screening program had a dedicated 
strategy in place to improve uptake in young adults. One 
of the strategies that was viewed as being most effective was 
‘one- stop shop’ clinics that integrated eye screening with 
other diabetes care processes. This aligns with the identi-
fied barriers to screening attendance, including the lack 
of integration with other services and poor communica-
tion across service providers in other aspects of diabetes 
care. Integrating diabetes care involves delivering care 
and support coordinated around the needs of the person 
with diabetes, ensuring that all parts of the system work 
together to deliver all components of the care pathway. 
DRS is one of many competing demands experienced by 
a person with diabetes. Sustained engagement with self- 
management behaviors is a critical element in achieving 
glycemic control and minimizing risk of complications,16 
and therefore despite the challenges, integrating DRS 
with other aspects of diabetes care makes sense in terms 
of making these behavioral processes easier for people 
with diabetes. There is currently no high- quality evidence 
that one- stop clinics improve DRS uptake specifically in 
young adults; however, ‘collaborative case management’, 
which coordinates processes of diabetes care, has been 
shown to improve uptake in trials of a general population 
of adults with diabetes.24
Significantly, a number of the most commonly used 
strategies, for example, provision of information about 
DRS and continuing to offer appointments to people 
who do not attend, were perceived as being less effective 
compared with other strategies (ie, screening within the 
community, one- stop shops, self- management training 
for people with diabetes, prompts/reminders (eg, 
text messages, letters, phone calls)). Offering further 
appointments to non- attenders assumes that the contact 
information on the register is correct, which links to the 
identified barrier of accuracy of screening registers.
The majority of the most commonly used HCP- targeted 
strategies to improve attendance were rated as either 
‘extremely effective’ or ‘very effective’, with clinical 
education and the use of electronic registers reported to 
be most effective. This is consistent with previous studies 
of interventions to improve DRS attendance.24 28
strengths and limitations of the study
The strength of the present study is its wide coverage, 
with responses received from approximately 70% of the 
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from the national screening programs in Wales, Scot-
land and Northern Ireland. Furthermore, the survey was 
able to gather the views of a wide range of professionals 
working within UK screening programs, including 
screeners, graders, optometrists, ophthalmologists as 
well as those involved in the operational management 
of the DESP. Within each of the four nations local 
screening programs deliver DRS to a common service 
specification, there is a reasonable amount of autonomy 
to allow local programs to develop their own strategies 
to increase screening uptake. Structuring the survey 
items on barriers and enablers around the 14 domains 
of TDF helped ensure that the broad range of potential 
individual, sociocultural and environmental influences 
on DRS provision was considered. The current study has 
collected data on a number of strategies currently used 
to improve DRS uptake in young adults and views on 
the relative effectiveness of these strategies. Classifying 
these using the BCW helped identify alignment of strat-
egies with the barriers/enablers identified within TDF 
domains. These frameworks have recently been applied 
to design an intervention to improve self- management in 
young adults with type 2 diabetes28 29 and to increase the 
uptake of DRS in Ireland.12
A limitation of the study is the relatively low response 
rate (24%). However, the breakdown of respondents into 
their respective professional groups is consistent with the 
membership database of BARS, suggesting that there 
were no substantial differences in response rates between 
professional groups. However, we cannot exclude the 
possibility of non- response bias.
ConClusIons
The National DESPs in the UK have been very successful 
in ensuring that the vast majority of the eligible popu-
lation of people with diabetes receive retinopathy 
screening in a timely manner.4 In 2014, a study of the 
causes of blindness in England revealed that for the first 
time in five decades, diabetic eye disease was no longer 
the most common cause of blindness in the working 
age population.29 30 However, there is considerable vari-
ation in screening uptake among age groups. People 
with diabetes younger than 35 years have been identified 
as having longer time intervals from registration with 
the screening program to first screening event,5 7 lower 
uptake of annual screening6 7 and an increased likelihood 
of missing three successive screening appointments.7 27 
This suggests that a more tailored approach is needed to 
better support young adults to attend screening. To be 
most effective, behavior change interventions to improve 
screening uptake will need to be targeted at individual 
and organizational levels30 31 and are likely to vary in scope 
and intensity. Examples of how BCTs relating to barriers 
identified in the current study could be operationalized 
can be found in online supplemental table S2. The find-
ings of the current study will be combined with ongoing 
qualitative work on identifying barriers and enablers to 
DRS from the perspectives of young adults living with 
diabetes to further develop a package of behavior change 
intervention strategies to encourage attendance in this 
population group.
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Online Supplementary Material 
Copy of BARS survey 
How can the provision of diabetic retinopathy screening for young adults be improved? 
This survey is part of a wider study (the EROS Study) which aims to identify barriers and 
enablers to diabetic retinopathy screening (DRS) in young adults (aged 18-34 years) with 
Type 1 and Type 2 Diabetes. We are exploring factors from the perspective of people with 
diabetes as well as healthcare professionals involved in providing screening. The purpose of 
the survey is to explore your views about factors influencing the provision of DRS to young 
adults, and what can be done to encourage attendance. The information you provide will 
help us to generate recommendations to the screening programme about potential 
interventions to encourage young adults' attendance. 
  
The survey is divided into three parts: 'Section 1' asking about your role within the NHS 
Diabetic Eye Screening Programme (DESP), 'Section 2' exploring your views about what 
might influence the delivery of screening, and 'Section 3' asking about procedures in place 
to support attendance within your DESP. The survey will take approximately 15 minutes to 
complete. There are no right or wrong answers. You can select 'Not applicable' or leave 
blank any questions you do not wish to answer. If you wish to take part, you will be taken to 
the next screen and asked to fill in a brief consent form. The information you provide is 
anonymous and fully confidential. No one from your place of employment will be aware of 
your decision to complete the survey or responses.  
You can withdraw at any time before, during or after the survey, without giving a reason.  
 
This study has been approved by Wales Research Ethics Committee 2 (REC reference: 
19/WA/0228). If you have any questions or concerns regarding completing the survey, 
please e-mail the study researcher: Louise.Prothero.3@city.ac.uk 
Thank you for taking the time to take part in our survey,  
 
The EROS Study team 
[Consent statements] 
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Section 1: Your role 
1. Which DESP do you work for? [drop down list of DESPs] 
2. What is your role within the DESP? (please tick all that apply) [drop down list of role 
titles: retinal screeners, graders, administrative staff, failsafe staff, programme 




3. How many years have you worked in this role? [drop down list: < 1 year; 1-<5 years, 
5-<10 years, 10 years +] 
4. What is your role in the provision of DRS for people with diabetes? (please tick all 
that apply) [drop down list of options: taking photographs of the retina, grading 
images, , treating diabetic retinopathy, providing failsafe, administrative 
responsibilities, responsibility for the operational running of the DESP, clinical 
responsibility for the DESP, other please specify] 
 
 
5. What types of other healthcare professionals do you most often work with in 
relation to DRS? (please tick all that apply) [drop down list of different HCPs across 
care settings: General Practitioners, Diabetes Nurses, ,Ophthalmologist, Optometrist, 
Diabetologists, Psychologists, Transition Team, Stakeholder Engagement Managers, 
other please specify] 
Free text box 
 
Free text box 
 
Free text box 
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Section 2: Your views about what influences the delivery of DRS 
Thinking about your role in providing and/or supporting diabetic retinopathy screening for 
young adults with diabetes (aged 18-34 years), please rate your agreement with the 
following statements:  
5-point Likert scale (Strongly disagree, Somewhat agree, Neither agree or Disagree, 
Somewhat disagree, Strongly disagree).  
Theoretical domain  Item 
1. Knowledge  ‘The guidelines and recommendations around DRS for 
people with diabetes in the UK are clear’ 
 
‘The standards around DRS for people with diabetes in the 
UK are clear’ 
 
 ‘I am aware of attendance patterns in young adults in my 
DESP' 
 
‘I am aware of patients’ current diabetes self-management 
(i.e. Hba1c)’ 
 
‘It would be helpful to know how patients are currently 
managing their diabetes’ 
 
2. Skills ‘There is sufficient education available about DRS for 
professionals working within the DESP’ 
‘There is sufficient training available about DRS for 
professionals working within the DESP’ 
3. Social/professional 
role and identity 
‘The DESP has a role to play in encouraging attendance 
among young adults’  
‘The roles and responsibilities of different healthcare 
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professionals involved in caring for people with diabetes is 
clear’ 
‘It is the responsibility of other healthcare professionals to 
encourage attendance in young adults with diabetes’ 
‘DESP staff should play more of a role in discussing 
screening results with patients’ 
‘I would like the ability to refer patients to additional 
support for their diabetes’ 
 
4. Optimism  ‘There is more we can do to try and increase attendance in 
young adults’  
5. Beliefs about 
capabilities 
‘It is easy to discuss DRS with young adults’ 
6. Beliefs about 
consequences  
‘Improving attendance in young adults will help reduce 
vision loss’ 
7. Reinforcement  ‘I am encouraged to try to increase attendance in young 
adults’ 
8. Intention    ‘My screening service has plans in place to try and 
encourage attendance among young adults’ 
9. Goals  ‘Supporting attendance in young adults is a priority for the 
DESP’ 
‘There are more pressing priorities for the DESP than 
increasing attendance in young adults 
‘My screening service has targets around screening 
attendance’ 
10. Memory, attention 
and decision 
‘The DESP has strategies in place to try and remind young 
adults to attend’  
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context and resources  
‘The DESP is well integrated with ophthalmology services’ 
 
‘The DESP is well integrated with specialist diabetes 
services in hospitals’  
 
‘The DESP is well integrated with GP practices in primary 
care’ 
 
‘Problems with re-scheduling appointments impacts young 
adults’ attendance’ 
 
‘The DESP has sufficient staff to provide DRS to patients’ 
 
‘The DESP have sufficient time to provide DRS to patients’  
 
‘The DESP have sufficient resources to provide DRS to 
patients’ 
 
‘Incomplete or inaccurate registers make it more difficult 
for the DESP to support DRS in young adults’ 
 
‘Transient populations make it more difficult for the DESP 
to support DRS in young adults’ 
 
‘Accessibility of the screening service impacts young adults’ 
attendance’  
 
‘DRS appointments are a good opportunity to discuss 
diabetes management with patients’ 
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12. Social influences  ‘Communication across healthcare providers involved in 
diabetes care is poor’ 
 
‘Language is a barrier to supporting DRS’ 
 
13. Emotion   ‘I worry about screening attendance in young adults’ 
14. Behavioural 
regulation  
‘I receive feedback on my practice around DRS’ 
 
‘My colleagues and I discuss screening attendance and how 
to improve it’  
 
Section 3: Interventions/strategies in place to improve diabetic eye screening attendance  
We wish to learn more about what interventions or strategies DESPs have put into place to 
try and improve attendance among young adults (age 18-34 years). 
1. Within your programme, are there any strategies in place to improve young adults’ 
uptake of diabetic eye screening? 
Yes  No Unsure  
 
2. Please indicate why you think no strategies have been put in place (please tick all 
that apply) [drop down list of reason: lack of resources, lack of time, not a priority, 





3. Please indicate any strategies in place to improve young adults’ uptake of diabetic 
eye screening (please tick all that apply) 
Free text box 
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[Drop down list of strategies targeted at people with diabetes]:  
Dedicated clinics for young people  
Mobile screening units  
Screening within the community  
Integrating eye screening with other diabetes services (e.g. ‘one-stop shop’ clinics)  
Educational programmes/training for people with diabetes to increase awareness of 
diabetic retinopathy and promote self-management   
Provision of information about diabetic retinopathy   
Peer support groups  
Continuing to offer screening appointments to people who do not attend  
Prompts/reminders (e.g. text messages, letters, phone calls) 
No strategies in place   
Other (please specify below)  
 
[Drop down list of strategies targeted at professionals working within the DESP]  
Clinical education 
Audit and performance feedback (e.g. feedback on number of patients screened per 
month) 
Electronic registers (which hold information about patients and their eye screening 
appointments) 
Telemedicine (e.g. EyePACS)/Virtual clinics   
No strategies in place   
Other (please specify below)  
  
If you selected ‘Other’ please provide a description of any strategies in place to 
improve young adults’ uptake of diabetic eye screening in the box below 
 
Free text box 
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5. What else do you think could be done to improve delivery of DRS?  
 
 




Free text box 
 
 
Free text box 
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Table S1. Mean Score per TDF domain 
Domain Mean  SD 
Social influences 3.58 1.00 
Environmental context and resources   3.00 1.36 
Social/professional role and identity 2.84 1.42 
Knowledge 2.74 1.37 
Beliefs about capabilities    2.69 1.12 
Intention 2.47 1.07 
Memory, attention and decision processes   2.31 0.95 
Reinforcement 2.24 1.04 
Skills 2.12 1.10 
Behavioural regulation 2.12 1.03 
Goals 1.97 0.99 
Emotion 1.67 0.76 
Optimism 1.54 0.71 
Beliefs about consequences 1.08 0.30 
 
The mean scores correspond to the extent to which participants agreed with each statement using 
a 5-point Likert scale (strongly agree=1; somewhat agree=2; neither agree or disagree=3; somewhat 
disagree=4; strongly disagree=5).     
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Mapping TDF Domains to BCTs 
TDF domains identified from the BARS survey corresponding to barriers and enablers reported by HCPs to delivering DRS were mapped to 
behaviour change techniques (BCTs) and candidate intervention strategies to improve DRS uptake using a stepwise process.  
This process yielded a set of candidate BCTs that could be operationalized to inform future interventions to improve DRS uptake in in young 
adults. The research team, working with a stakeholder advisory group consisting of diabetologists, ophthalmologists, screener/graders, young 
adults with diabetes, policy and diabetes charity representatives, provided examples of how the intervention might be delivered. Table S2 
presents the links between TDF domains and theoretically coherent BCTs. Table 6 presents the links between the TDF domains identified from 
the BARS survey and theoretically coherent BCTs identified by the Theory and Techniques Tool. [1] 



















Proposed operationalisation of selected 




















*Instruction on how to 
perform the behaviour  
 









HCP Training could include;  
 Actions HCPs can take to support, encourage and 
enable young adults to attend DES e.g., how to raise the 
issue of DES and check screening attendance in a non-
judgmental way, how to facilitate referrals and access 
to convenient DES services, how to provide reassurance 
and address concerns around DR, complications/sight 
loss, and DES, reinforcing the benefits of screening  
[BCT: Instruction on how to perform the behaviour] 
 Promotion of 'Language matter Diabetes' document 
which  provides practical examples of language that will 
encourage positive interactions with people living with 
diabetes 
https://www.languagemattersdiabetes.com/ [BCT: 
Demonstration of the behaviour] 
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 Videos demonstrating a HCP speaking to a YA with 
diabetes and practice/role playing different 
communication styles.  [BCT: demonstration of the 
behaviour and behavioural practice/ rehearsal] 
 A testimonial from a YA describing how negative 






















DESP DESP service  provision change could include: 
 Increase availability of DES appointments for improved 
flexibility and choice in scheduling. Include the provision 
of evening/weekend appointments  
 Allow self-booking of appointments and the choice to 
set the date of next appointment at end of current 
appointment  
 Develop an easy system for YAs to inform the DESP of 
any change in personal details, e.g., address or change 
in GP. [BCT: Environmental restructuring] 
DESP staff 
should play 
more of a role 
in discussing 
screening 
results  and 
diabetic self-
management 








*Instruction on how to 
perform the behaviour 
 













Screeners who are suitably qualified providing initial 
indication of the likely result at DRS appointment, so YAs do 
not have to wait 2-3 weeks for results letter [BCT 
Biofeedback]. This may involve providing further training for 
screeners, and sample scripts/videos of how to discuss the 
results in an appropriate way  [BCTs: Instruction on how to 
perform the behaviour; Demonstration of the behaviour] 
 
Restructuring the content of the results letters so that the 
test result is accompanied by a clear explanation of the 
results (in lay language), reassurance about treatment 
options (phrased/framed positively) [framing/reframing; 
information about health consequences], and contact details 
for people YAs can discuss the results with (e.g. 
consultant/GP/someone from the DESP) 
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DESP and other 
aspects of 














Social comparison  
Healthcare  
System 
Evidence that increasedcommunication and multi-
disciplinary teamwork leads to better outcomes. Therefore 
integrating eye screening with other diabetes services (e.g. 
‘one-stop shop’ clinics) could potentially improve 
communication and outcomes. YA less likely to forget 
appointments and easier to arrange and monitor attendance 
and progress. [BCT: environmental restructuring] 
 
Improving integration by facilitating communication between 
provider teams e.g. providing GPs with feedback and data on 
DRS attendance in local area [feedback on behaviour], 
benchmarked against similar GP practices [social 
comparison]. Highlighting the low attendance rates in YAs to 
persuade GPs that this is an issue/ draw their attention to it. 
DR = diabetic retinopathy; DRS = diabetic retinopathy screening; YAs = young adults with diabetes; HCPs = healthcare professionals DESP= diabetic eye 
screening programme 
*=BCTs used in published trials of interventions directed at HCPs to improve DRS uptake in a general population of people with diabetes. [2} 
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